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Description 



OPTICAL PROXIMITY CORRECTION 

METHOD 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The invention relates to an optical proximity correction 
(OPC) method, and more particularly, to an OPC method 
by sequentially performing a rule-based OPC process and 
correcting a specific photomask pattern manually. 

[0003] 2. Description of the Prior Art 

[0004] For transferring a pattern of integrated circuits to a semi- 
conductor substrate, the manufacturer has to produce a 
photomask with a photomask layout of the circuit design, 
and then to perform a lithography process to expose the 
patterns of the photomask layout to a semiconductor 
substrate in a predetermined ratio. As a result, a lithogra- 
phy process is one of the most important processes in 
semiconductor fabrication. 



[0005] The critical dimension (CD) of the designed photomask 

pattern is limited by the resolution limit of the optical ex- 
posure tool, so that an optical proximity effect (OPE) easily 
occurs when high-density photomask patterns of high 
circuit integration are exposed to the semiconductor sub- 
strate. OPE causes deviations when transferring the pho- 
tomask patterns. For example, right-angled corner 
rounding, line end shortening, and line width increasing/ 
decreasing are common defects caused by OPE. 

[0006] jo prevent the defects of the photomask pattern caused 
by OPE, an OPC process for correcting the photomask lay- 
out is usually preformed when fabricating the photomask. 
The conventional OPC process includes a model-based 
OPC process or a rule-based OPC process. The rule-based 
OPC process uses a correction rule of a database to cor- 
rect the original photomask pattern by taking account of 
the width and spacing of the original photomask pattern. 
The model-based OPC process comprises exposing a test 
photomask to compare the result with the original pho- 
tomask pattern and using a simulation tool to make com- 
plicated calculations. Generally, a large amount of time is 
required to make the comparison, calculation, and simu- 
lation of the test photomask pattern. Therefore the 



model-based OPC process is not efficient, even though it 
can obtain a better correction. On the other hand, the 
rule-based OPC process can compute the target bias to 
correct the photomask layout faster, but the rule-based 
OPC may have greater errors resulting from interpolation 
and unsuitability of functions so that the reliability of the 
corrected photomask layout is decreased. 

[0007] please refer to Fig.l. Fig.l is a schematic diagram of an 
original photomask layout 10 of the prior art. The pho- 
tomask layout 10 comprises a first photomask pattern 12 
and a second photomask pattern 14. The first photomask 
pattern comprises a first straight line 12a, a second 
straight line 12b, a third straight line 12c, and a fourth 
straight line 12d arranged in parallel with each other, 
wherein a line-end of the second straight line 12b con- 
nects to the second photomask pattern 14. If the original 
photomask layout 10 is directly used to produce on a 
photomask for performing a lithography process, a seri- 
ous OPE will occur so that the exposed pattern in a pho- 
toresist layer on a semiconductor substrate will have devi- 
ations and defects. Therefore an OPC process has to be 
performed on the original photomask layout 10. 

[0008] Referring to Fig. 2, Fig. 2 is a schematic diagram of a cor- 



rected photomask layout 16 of the original photomask 
layout 10 shown in Fig.l according to a conventional rule- 
based OPC process, wherein the dotted lines denote the 
exposed pattern in a photoresist layer. In the corrected 
photomask layout 16 according to the rule-based OPC 
process, an assist feature 18 that can avoid a right-angled 
corner rounding situation or a split in the straight line re- 
sulting from the OPE is added to the line-end closer to the 
second photomask pattern 14 of the second straight line 
12b so that no serious defects occur at the intersection of 
the second straight line 12b and the second photomask 
pattern 14. However, in the corrected photomask layout 
16 according to the conventional rule-based OPC, as 
shown in Fig. 2, the defects of line-end shortened still ex- 
ist in the first, the third, and the fourth straight Iinesl2a, 
12c, and 12d. More seriously, a "bridge problem" occurs 
at the intersection of the second straight line 12b and the 
assist feature 18, which means a weak point P w looking 
like a bridge or a neck shape appears in the photoresist 
layer resulting from the light scattering ability or the light 
reflectivity of materials. This problem often occurs in the 
second straight line 12b with longer length, and the loca- 
tion of the weak point P is horizontal with the line-ends 



of the first straight line 12a and the third straight line 12c 
near the second straight line 12b. As shown in Fig. 2, the 
weak point P w of the second straight line 12b is very nar- 
row. This will probably cause a defect such as a broken 
circuit in following production processes. In a more seri- 
ous situation, an opening of the second straight line 12b 
may be present at the weak point P w ,resulting in that the 
whole product has to be abandoned. 
[0009] jo conclude the above description, the prior-art rule- 
based OPC process still cannot correct a photomask lay- 
out to obtain an ideal transferred pattern in the photore- 
sist layer effectively. Although the prior-art model-based 
OPC process can generate a better correction result, it 
takes a huge amount of time to perform modeling calcu- 
lations and tests, which cannot match the requirements of 
a factory of being highly efficient and low cost. As a re- 
sult, to correct the photomask layout effectively with a 
simple solution is still one of the important issues in 

semiconductor manufacturing. 
Summary of Invention 

[0010] it is therefore a primary objective of the claimed invention 
to provide an OPC method by sequentially performing a 
rule-based OPC process and adding an enhancing feature 



in a specific photomask pattern manually to solve the 
above-mentioned problem. 

[0011] According to the claimed invention, an OPC method for 
correcting a photomask layout is provided. The pho- 
tomask layout comprises at least a first photomask pat- 
tern. And the first photomask pattern includes a first 
straight line and a second straight line arranged in parallel 
with the first straight line. The first straight line and the 
second straight line respectively have a first line-end and 
a second line-end, wherein the second line-end is longer 
than the first line-end and more protrudent than the first 
line-end. The OPC method of the claimed invention com- 
prises performing a rule-based OPC method to the origi- 
nal photomask layout to generate a corrected photomask 
layout, and then adding an enhancing feature in the first 
line-end of the first straight line, wherein the width of the 
enhancing feature has to be smaller than the width of the 
first straight line, and the second line-end is still more 
protrudent than the first line-end of the first straight line 
after the enhancing feature is added. 

[0012] it is an advantage of the claimed invention that a rule- 
based OPC process costing less time is first performed to 
obtain a rudimentary corrected photomask layout and 



then the enhancing features are manually added in the 
patterns near the weak point P of the rudimentary cor- 

w 

rected photomask layout so that the bridge problem can 
be prevented. The claimed invention method increases the 
contrast of photolithography process and the process 
window, and therefore the patterns of the photomask lay- 
out can be transferred to the photoresist layer much real- 
istically without any other new fabrication process. 
[0013] These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art 
after reading the following detailed description of the pre- 
ferred embodiment that is illustrated in the various fig- 
ures and drawings. 
Brief Description of Drawings 

[0014] pig.l is a schematic diagram of an original photomask 
layout of the prior art. 

[0015] pig. 2 is a schematic diagram of a corrected photomask 

layout of the original photomask layout shown in Fig.l ac- 
cording to the prior-art rule-based OPC process. 

[0016] pig. 3 is a schematic diagram of an original photomask 
layout of the present invention. 

[0017] Fig. 4 is a schematic diagram of a corrected photomask 

layout of the original photomask layout shown in Fig. 3 ac- 



cording to the present invention OPC method. 

[0018] pig. 5 is a schematic diagram of a corrected photomask 

layout of a second embodiment of the present invention 

OPC method. 
Detailed Description 

[0019] please refer to Fig. 3. Fig. 3 is a schematic diagram of an 
original photomask layout 30 of the present invention. 
The photomask layout 30 comprises a first photomask 
pattern 32 and a second photomask pattern 34. The first 
photomask pattern includes a first straight line 32a, a 
second straight line 32b, a third straight line 32c, and a 
fourth straight line 32d respectively having a first line-end 
36a, a second line-end 36b, a third line-end 36c, and a 
fourth line-end 36d closer to the second photomask pat- 
tern 34. The second line-end 36b of the second straight 
line 32b reaches to the second photomask pattern 34. The 
four straight lines are arranged in parallel with each other 
and in a first direction. The second photomask pattern 34 
is also a straight line arranged in a second direction and 
perpendicular to the second straight line 32b. In the pho- 
tomask layout 30, the second photomask pattern 34 and 
the second straight line 32b are the main patterns of the 
photomask layout 30, which means the second pho- 



tomask pattern 34 and the second straight line 32b are 
originally designed circuit patterns, while the first straight 
line 32a, the third straight line 32c, and the fourth 
straight line 32d are dummy patterns for adjusting the 
spacings of the main patterns of the photomask layout 30 
to improve the exposing effect. According to a preferable 
embodiment of the present invention, the line widths of 
all the straight lines of the second photomask pattern 14 
are llOnanometers (nm), and the line spacings between 
all the straight lines of the second photomask pattern 14 
are also llOnm. 
[0020] please refer to Fig. 4. Fig. 4 is a schematic diagram of a 

corrected photomask layout 40 of the original photomask 
layout 30 shown in Fig. 3 according to the present inven- 
tion OPC method, wherein the dotted lines denote the ex- 
posing result. At first, a rule-based OPC process is per- 
formed to the original photomask layout 30. The density, 
line width, line length, and spacing of each of the pho- 
tomask patterns are collected to compute a target bias by 
using a correction rule of a database. After that, the target 
bias is added to the original photomask layout 30. In 
Fig. 4, the assist feature 38 is added according to the tar- 
get bias from the rule-based OPC process. It should be 



noticed that the assist features obtained from the rule- 
based OPC process might be serif or hammerhead pat- 
terns, not limited by the rectangular pattern of the assist 
feature 38 in Fig. 4. After generating the corrected pho- 
tomask layout 40, enhancing features 42 and 44 as rect- 
angular patterns are respectively added in the first line- 
end 36a and the third line-end 36c adjacent to the second 
straight line 32b. As shown in Fig. 4, the width of the en- 
hancing feature 42 is slightly smaller than the line width 
of the first straight line 32a, and the width of the enhanc- 
ing feature 44 is also slightly smaller than the line width 
of the third straight line 32c. In this embodiment, since 
the width of the first straight line 32a and the third 
straight line 32c is llOnm, the width of the enhancing 
features 42 and 44 is selected to be between 80nm to 
90nm. Generally, the lengths of the rectangular enhancing 
features 42 and 44 are not limited. However, each of the 
lengths of the enhancing features 42 and 44 is preferably 
chosen to shorten the distance between the first, the third 
Iine-ends36a, 36c and the second photomask pattern 34 
to become 1/2 to 2/3 of the original distance. 
[0021] The characteristic of the present invention is to add en- 
hancing features in the photomask patterns adjacent to 



the photomask patterns that may have bridge problems, 
instead of directly adding assist features in the weak point 
P or the point having the bridge problem. As the expos- 

w 

ing result shows in Fig. 4, after the enhancing features 42 
and 44 are added, the bridge problem is obviously im- 
proved. The weak point P of the second straight line 32b 

w 

disappears, and therefore the doubt of the straight line 
splitting does not exist. In addition, the line-ends of the 
first and the third straight Iines32a and32c with the en- 
hancing features 42 and 44 have better exposed patterns. 
As shown in Fig. 4, the exposed patterns of the first and 
the third Iine-ends36a and36c of the corrected pho- 
tomask layout 40 are more identical to the first line-end 
36a and the third line-end 36c of the original photomask 
layout 30. As a result, in another embodiment, the 
present invention can supply a definitely better exposed 
photomask layout with the first straight line 32a, the third 
straight line 32c, and the fourth straight line 32d being 
main patterns of an original photomask layout than the 
prior art. 

[0022] | n addition, the present invention OPC method can be ap- 
plied to other similar photomask layouts. Please refer to 
Fig. 5. Fig. 5 is a schematic diagram of a corrected pho- 



tomask layout 50 of a second embodiment according to 
the present invention OPC method. The photomask layout 
50 comprises the photomask patterns of a first straight 
line 52, a second straight line 54, a third straight line 56, 
and a fourth straight line 58, wherein the first straight line 
52 reaches to the fourth straight line 58. When the origi- 
nal photomask layout 50 is exposed to the semiconductor 
substrate, a weak point P will exist in the first straight 
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line 52 (at the point the arrowhead points). According to 
the present invention, a rule-based OPC process is first 
performed to add an assist feature 60 in the line-end of 
the first straight line 52 and add serif patterns 62 in the 
line-end of the third straight line 56. Then an enhancing 
feature 64 is added in the line-end of the second straight 
line 54 according to the principle mentioned above of the 
present invention so that the weak point P can be pre- 

w 

vented to generate a better exposing result. In another 
embodiment of the present embodiment, the photomask 
layout comprises a plurality of straight lines arranged in 
parallel with each other, wherein one of the straight lines 
has a line-end more protrudent than adjacent straight 
lines. According to the present invention, after the rule- 
based OPC process is performed, an enhancing feature is 



added in the line-end of each of the two straight lines ad- 
jacent to the protrudent line-end to complete the correc- 
tion of the photomask layout. 
[0023] | n contrast to the prior art, the present invention can ef- 
fectively overcome the disadvantages of the prior-art OPC 
method by using simple processes to correct the pho- 
tomask layout so as to generate a best corrected pho- 
tomask layout without changing any production processes 
on the semiconductor substrate. In the present invention, 
only a new correction step is needed to add the enhancing 
features with smaller width in the photomask patterns 
manually to effectively improve the bridge problem, and 
furthermore to prevent the product from having broken 
circuit or conducting defects. On the other hand, the 
present invention also can raise the contrast of the pho- 
tolithography process and process window to generate an 
exposed layout in the photoresist layer more identical to 
the original photomask pattern, and even more can trans- 
fer amore exquisite photomask layout to the photoresist 
layer. 

[0024] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 



ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



